Summary: Porcine leukocyte elastase 1 ) was purified from granulocytes by chelating chromatography on copper chelate Sepharose and by ion exchange chromatography on CM-Sepharose. Thus an enzyme preparation with a specific activity (substrate: MeOSuc(Ala) 2 ProValNan) 2 ) of 89.3 U/mg protein was obtained.
Summary: Porcine leukocyte elastase 1 ) was purified from granulocytes by chelating chromatography on copper chelate Sepharose and by ion exchange chromatography on CM-Sepharose. Thus an enzyme preparation with a specific activity (substrate: MeOSuc(Ala) 2 ProValNan) 2 ) of 89.3 U/mg protein was obtained.
Dodecyl sulphate gel electrophoresis revealed one protein band corresponding to a molecular mass of 27 kDa. The amino acid composition was determined and isoleucine was identified äs the only N-terminal amino acid residue. (Ala) 2 ProValNan, Suc(Ala) 2 ValNan and Suc(Ala)3Nan were determined, äs well äs the kinetic constants of the inactivation of leukocyte elastase by active site mapping reagents. Detergents such äs Triton X-100, Tween 20 and Brij 35, äs well äs porcine serum albumin, activated the procine leukocyte elastase preparation. It is well known that a r proteinase inhibitor preferentially inhibits leukocyte elastase in human plasma (5) . Thus, after extracellular liberation of leukocyte elastase under pathophysiological conditions this enzyme is rapidly inactivated and elastase-inhibitor complexes can be detected in the circulation. In practice, it should be possible to measure these complexes by enzyme immunoassay (4, 6) . For the development of a suitable enzyme immunoassay for leukocyte elastase inhibitor complexes, we have isolated and characterized the porcine leukocyte elastase.
Isolierung und Charakterisierung der Elastase aus Leukocyten des Schweins
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Materials and Methods
Chelating Sepharose and CM-Sephadex C-50 were purchased from Pharmacia Fine Chemicals AB, Uppsala, Sweden. MeOSuc(Ala) 2 ProValNan, Suc(Ala) 2 ValNan and Suc(Ala) 3 
Starting material
Fresh whole porcine blood (501) was used äs starting material for the Isolation of leukocytes. Preparation of granulocytes was performed äs described by Engelbrecht et al. (7) . The resulting leukocyte pellet was used foi the puriflcation of elastase.
Activity and Inhibition measurements
To measure porcine leukocyte elastase activity the following assay System was used (wavelength: 405 nm; 25 °C; Volume: l ml; = 1020 m 2 mol-1 (8): 0.98 ml 2.14 mol/1 MeOSuc-(Ala) 2 ProValNan in 0.1 mol/1 HEPES Buffer, pH 7.5, containing 0.5 mol/I sodium chloride were incubated at 25 °C for 5 min. Thereafter 0.02 ml elastase solution was added and the increase in absorbance per minute was reäd for 5 minutes.
Inhibition studies were performed accordmg to Starkey & Barrett (9) with the exception that MeOSuc(Ala) 2 ProValNan was used äs Substrate instead of azo-casein.
Michaelis-Menten constants were determined äccording to Wilkinson (10) after graphical inspection of the datä in Lineweaver* Burk diagrams.
The dissociation constants, K i? of elastase-inhibitor complexes were estimated graphically according to Dixon (11) . Molarity of inhibitor Solutions were determined by titrating trypsin or chymotrypsin Solutions with inhibitor äs described in 1. c. (12) . Activation of porcine leukocyte 1 " elastase with detergents and porcine serum albumin was measured äs described by Geiger et al. (13) . Inhibition experiments in the presence of detergents were performed according to Gelger & Fritz (14) .
Optimal reaction conditions (pH Optimum, temperature stability, pH resistance) for porcine leukocyte elastase were determined äs described by Geiger & Fritz (14) .
Other methods, such äs polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulphate, isoelectric focusing, amino acid analysis, identification of the amino termraal amirio acid residues and protein determination were performed äs described in detail in the preceding paper (15) .
Preparation of chelate Sepharose column
Chelating Sepharose 6 B (100 ml) was washed on a sintered glass filter (G 3) using 1.51 dist. water. The Sepharose was than added to a glass column (70 2 cm) and loaded with copper ions at 4 °C by pumping through 190 ml of a 5 g/l copper sulphate solution. Thefeafter the column was washed free of copper with dist. water and equilibrated with 0.04 mol/1 Tris, 0.005 mt>l/l Na 2 HPO 4 , pH 8.2i containing 0.5 mol/1 NaCl.
Isolation of porcine leukocyte elastase
Purification of leukocyte elastase was achieved by the following procedure (tab. 1). Step: Leukocyte granule extracts were prepared by homogenization of leukocyte pellets (see starting material) in 30 mi of 0.2 mol/1 sodium acetate buffer, pH 4.0 at 0 °C using a PolierElvejhem glass homogenizer. The extract was centrifuged at 30000g for 10 min at 4°C and the pellet was rehomogenized and extracted with 3 separate quantities (30 to 50 ml) of buffer. The four extracts were combined (172 ml) and dialysed against 0.04 mol/1 Tris, 0.005 mol/1 Na 2 HPO 4 containing 0.5 mol/1 NaCl pH 8.2, overnight at 4 °C. The combined pellet extract was divided into four parts, and each pari was subjected separately to chelating chromatography on copper chelate Sepharose, followed by ion exchange chromatography.
2.
Step: The leukocyte granule extract (43ml) was applied at 4 °C to a copper chelate Sepharose column (70 χ 2 cm) equilibrated with 0.04 mol/1 Tris, 0.005 mol/1 Na 2 HPO 4 , pH 8.2 containing 0.5 mol/1 NaCl at a flow rate of 36 ml/h. The column was developed immediately after application of the elastase solution with a pH gradient, formed by 650 ml 0.02 mol/1 Na 2 HPO 4 buffer, pH 7.7 containing 0.5 mol/1 NaCl and 650 ml 0.1 mol/1 sodium acetate buffer, pH 2.8 containing 0.5 mol/1 NaCl at the same flow rate. Leukocyte elastase was eluted s shown in figure 1 . Fractions of 10ml were collected. The elastase containing fractions were combined and dialysed against 0.02 mol/1 sodium acetate buffer, pH 7.0 containing 0.1 mol/1 NaCl at 4 °C for 24 h.
3.
Step: The elastase solution (60 ml) thus obtained was applied to a cooled (4 °C) CM-Sephadex C-50 column (35 χ 2 cm) equilibrated with 0.02 mol/1 sodium acetate buffer, pH 7.0, containing 0.1 mol/1 NaCl (flow rate 23 ml/h; 8 ml fractions). The column was developed with a linear gradient from 0.1 mol/1 NaCl in sodium acetate buffer at the same flow rate. The elastase-containing fractions ( fig. 2) were combined, dialysed against 0.05 mol/1 ammonium formate buffer, pH 7.0, lyophilized and stored at -30°C. At this temperature the enzyme was stable for more than 2 years. 
Results

Isolation procedure
Porcine leukocyte elastase was purified using the procedure summarized in table l.
Molecular mass determination
Molecular mass was determined by sodium dodecyl sulphate electrophoresis (see above) and was found to be close to 27 kDa.
Chemical and physical characteristics
Electrophoresis
Polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulphate showed only one protein band corresponding to a molecular mass of 27 kDa ( fig. 3 ).
On electrofocusing of a purified leukocyte elastase sample in an ampholyte gradient from 2 to 11, protein was detected only in the alkaline r nge of the gel. 
N-terminal residues
Homogeneity'bf the leukocyte elastase preparation was checked further by analysis of the N-terminal amino acid residue. After one Edman degradation cycle, the phenylthiohydantoin derivatives of amino acids were identified by high performance liquid chromatography (16) . The only residues found was isoleucine.
Amino acid composition
The amino acid composition from 3 runs on a Durrum analyser, based on a molecular mass of 27 kDa was determined. The data are listed in table 2.
Tab. l. Purification of porcine leukocyte elastase. The data represent mean values of four preparations.
Step 
Stability
The enzyme preparation obtained by the Isolation procedure described above was stable at -20 °C for more than 2 years. At 4 °C no loss of activity was observed within two months if sodium azide was added at a concentration of 2 g/l.
The behaviour of leukocyte elastase at different temperatures and pH values is shown in figure 4 and figure 5 , respectively.
pH Optimum
For the hydrolysis of MeOSuc(Ala) 2 ProValNan a pH Optimum of 8.0 was found ( fig. 6 ).
Kinetic constants
The T m and V values obtained in the activity assays are given in table 3.
Inhibition studies
Kj values calculated from the Inhibition curves obtained by titration of the leukocyte elastase with i hibitors are shown in iiihibitor of trypsin, plasmin and kallikreins (17) 
Effects of detergents
The elastase-catalysed cleavage of MeOSuc(Ala) 2 . ProValNan was significantly increased by addition of detergents to the test System: a 2 to 3-fold increase in enzymatic activity was observed in the presence of l g/l detergent (Triton X-100, Tween 20, Brij 35). Activation curves are shown in figure 7 . A 2-fold increase in activity was also caused by porcine serum albumin.
Discussion
Leukocyte elastase has been isolated from granulocytes of several species, e. g. b vine, human, canine, horse (9, (18) (19) (20) (21) (22) (23) (24) . For the purification of porcine leukocyte elastase we used a combination of Isolation steps which were described formefly for the human enzyme: homogenization of the isolated granules and chromatography on copper chelate-Sepharose and CM-Sephadex C-50 undier mild conditions (cf. table l and Results). In contrast to the human enzyme, porcine leukocyte elastase did not bind to aproti inSepharose.
The purity of the enzyme preparation was proven by different criteria, such s quantitative end group analysis and sodium dodecylsulphate polyacrylamide gel electrophoresis.
The apparent molecular mass (27 kDa) pf the porcine leukocyte elastase s estimated by dodecyl sulphate gel electrophoresis corresponds well with the molecular masses of carbohydrate-free serine proteinases of other species (18) .
Electrofocusing experiments revealed that the porcine leukocyte elastase has a relatively alkaline isoelectric point, an observation which also holds true for the human gran locytic elastase (18) .
An interesting feature f porcine leukocyte elastase is th t the enzyme activity against synthetic Substrates is significantly increased in the presence of detergents and serum albumin (see fig. 7 ), s also described for tissue kallikreins (14) and the sperm proteinases, acrosin (25) . (26) ).
The dissociation constants obtained for elastase and different Kunitz type inhibitors are in the ränge of l O" 6 mol/1 indicating that the enzyme is not so effectively inhibited by these inhibitors. In constrast, eglin, a very potent inhibitor of the human leukocyte enzyme, is also a potent inhibitor of the porcine enzyme. Aprotinin added to the test System up to l g/l showed no influence on elastase activity. Active site mapping reagents, such äs chloromethyl ketones, ZPheCH 2 Br and phenylmethylsulfonyl fluoride, showed medium Inhibition of porcine leukocyte elastase.
The contribution of leukocyte elastase to pathophysiological situations is not finally understood. Based on experiments demonstrating a degradation of human lung elastin (32) an involvement of leukocyte elastase in the development of lung diseases, e. g. emphysema has been postulated (33). Furthermore it has been demonstrated that patients suffering from acute leukaemia and septicaemia have elevated leukocyte elastase-aj-proteinase inhibitor levels in plasma (4). This last finding indicates a liberation of leukocyte elastase followed by an inactivation by endogenous -proteinase inhibitor. But in the short time before elimination of leukocyte elastase via complex formation, the highly active enzyme may inactivate plasma proteins by nonspecific degradation äs reported recently (3, 34) . Existing correlations between elevated elastase-a r proteinase inhibitor levels and the depletion of clotting factors possibly support these postulates (4). In order to investigate the possible contribution of leukocyte elastase in pathophysiological situations, the quantification of elastase is essential. Elastase is exclusively found in complexes with proteinase inhibitors (mainly a r proteinase inhibitor) in plasma, and this must be taken into consideration in any determination method for leukocyte elastase. Indeed a newly developed, sensitive enzyme immunoassay for human leukocyte elastase-aj-proteinase inhibitor complexes became available recently (6) . For studies in animals, e. g. pigs, a similar enzyme immunoassay using porcine leukocyte elastase has been developed 4 ).
